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24 June 2005 NMASTER | NFORMATI ON CARRI ER FOR MAGNETI C TRANSFER AND MAGNETI C
TRANSFER METHOD BACKGROUND OF THE | NVENTION Fi el d of th24 #unes?i0Bon Thi s
invention relates to a master information carrier carrying thereon an
irregularity pattern representing the information to be . transferred to a
magnetic medium and a magnetic transfer nethod.- Description of the Related
Art Wth an increase in information quantity, there is a demand for a
magneti c recordi ng medi umwhich is high, in nenory capacity, low in cost

and pref er bl yaragul iRroMOOR, CARRIER KCRAUARHEdd caESRRARY Par ! of data

WS SO-C -Spéed access).

an exampl e of such a MAARCLENESIS! dRAGSHRA Wyere has been known a
uc

high recording density nagnetic nediums as a hard disc, a zip
(lonmega) and the like. In such a high recording density magnetic medi um
the recording area is formed by narrow data tracks. In order to cause a

magnetic head to 'accurat@iékéﬂ Osﬁucf;h'?afmldla&? tracks and reproduce

the data at a high SIN ratio, the so-called servo tracking techni que has
been enployed. In order

t Q. f e Lye.tracking, it is necessary  to
wite servo information su?-gfa §E TLhePrag nglgnigna|5 for positioning the
data tracks, agff &5%wi@eS £95¢bRerda dnadker information carrier

. carrying thereon an irregularity pattern representing the
information to be  transferred to a maghetic medium and a
- magnetic transfer method.

Description of the Related Art

With an increase in information quantity, there is a
demand for a magnetic recording medium which is high in memory
| capacity, low in cost and preferably requires a short time to
read out a necessary part of data (a magnetic recording medium
v&hich allows so-called high-speed access). As an example of
such a magnetic recording medium, there has been known a high
‘recording density magnetic medium such as a hard disc, a zip
(Ioméga) and the like. In such a high recording density
magnetic medium, th-e recording area is formed 'by narrow data
ﬁracks - In order to cause a magnetic head to accurately trace
such narrow data tracks and reproduce the data at a high S/N
ratio, the so-called servo tracking technique has been
.émployed.
In order to perform the servo tracking, it is necessary
to write servo information such as servo tracking sig_nais- for

positioning the data tracks, address signals for the data




24 June 2005 tracks and reproduction clock signals on the magnetic
recordi ng nediumas a prefornmat upon production thereof. 2¢Junen2006r esent,
such preformat recording is perforned by the use of a specialized servo
recordi ng apparatus (a servo track witer). However, the prefornmat
recordi ng by the conventional servo recording apparatus is disadvantageous
inthat it takes a long time since the servo information nust be recorded

nead, wTERCHRL GFhr SRR Pber PRy y LY rdfhod BT PRGRPRTRG © he
et anceroPhedb ALl s anbRER PAY b P B BT o NGE a3 Toat - 183623,
pat t orn AP oHF 3 40H b B Ro- & RERE 617 HINCE ot FORCELy FReR I OB Bsent s
vodl um) B9 AngREEAEL AP Grare P TNe A AREE 1 el br CoLRE. WEBREL | zat i on
B st or FRTSF hat i Ehe PE Ragat i yA it Kt PEROEREToPRE mster
el d ¢ o CRES ISR Hth ARPoEREUFITE: FHSPar T HAIARHL OR TR BI-Ge5 kARt act wi th

h oth d. di ngl.y, the inf [ [ b
Thf or natf GHORAr T 167 THIFDATE AT 1 PRRIARE BHoheesFATaTREaPHm wi th

the relai'tzlllemagneticrecor

V6RO O beq\fnegnmgggumrr%sf}eekr)y one by the use of amagnetic

head, which deteriérates the productivity.
As a method of recording the prefdrmat accurately and
efficiently, there has been proposed, for instance, in
. Japanese Unexamined Patent Publication Nos. 63({(1988)-183623,
_310(1998)—40544 and 10(1998)-269566, a magnetic transfer
:method in which a pattern which is formed on a master
information carrier and represents servo information is copied
to a magnetic recording medium (a slave medium) by magnetic
~ transfer.
In the magnetic transfer, the magnetization pattérn
representing the information (e.g., serve information)‘
carried by a master information carrier is magnetically
transferred from the master information carrier tro a slave
médium by applying a transfer magnetic field to the slave medium
l_ and the master information in close contact with each other,
- and accordingly, the information carried by the master
information carrier can be statically recorded on the slave

medium with the relative position between the master




2 24+-June'2005 information carrier and the slave medi um kept constant. .
Thus, according to the magnetic transfer, the preformt 2édgredR@®y can be
performed accurately and the tine required for the preformat recording is
very short. However, the master information carrier enployed in the
magnetic transfer disclosed in above identified Japanese Unexam ned Patent
Publ i cati ons conpri ses a base sheet having on the surface thereof an
irregularity pattern representing the information to be transferred and a
magnet i dnig@atigmearraeraktheskave ngrinpdent crRBSSeet-udr RS porti ons
of the base sheet and since the magnetic transfer is carried out with the
mast er iFFEITRHTNIOFcdhs BadgastichErapabermebanPrefarmatcraserdedatact with
each other, the magnetic |ayer can be partly |lost or peeled off the

pat t er n G&H1 ke tpRr ed paterabeiwvnardr ther time wgemukeafl yEOF obflght into
contact with and noved away from a nunber of slave nedia. Renoval of the
magnet i dRefemaly grmadrlives tier veimbrsh@%iton carrier deteriorates contact
bet ween the master information carrier and the slave nmedium which can
result in det &lowevair,obheinpgfiet infosmathient AR5l er raltP XOYRAAD Hi®t her when
the magnetic layer is peeled off the naster information carrier over a

wi de ar @anedriepf trinsfer nddssdamspd: ol hakgeet Halapdsidried nfapaaesen
carrier. The master information carrier is expensive and how many sl ave
nedi a cidhreniags FatedvtePuhsieatipns RomprbieeH Hase shegé Hayshérns the

production cost of a C _ )
on the surface thereof an irregularity pattern representing

the information to be transferred and a magnetic layer formed
at least on the surface of the protruding portions of the base
sheet and since the magnetic transfer is carried out with the
naster information carrier and the slave medium held in close
contact wii:h each other, the magnetic layer can be partly lost
" . or peeled off the p-af:tern while the master information carrier
"is repeatedly brought into contact with and moved away from
a number of slave media.
Removal of the magnetic layer from the master information
carrier deteriorates contact between the master information
| carrier and the slave medium, which can result in deterioration
in quality of the transferred signal. Further when the
magnetic layer is peeled off the master information carrier
over a wide area th'ereof,- it is necessary to change the maser
information carrier,. The master information carrier is
éxp_ensive and how many slave media can be made per one master
information carrier largely governs the production cost. of a

magnetic recording medium.




magneti c recording medium 3 24 June 2005 W observed nmaster information
carriers fromwhich the magnetic |ayer had been peel ed and4flonm20Gshat t he
magnetic | ayer was nost peeled off the master information carrier at edges
of flat top surfaces of the protruding portions of the irregularity
pattern on the master information carrier and that as the pressure under
whi ch the master information carrier and the slave nmediumwere in contact

' or mat i on ol ARG hae bR, TEebteRtyn Fhat Trs’ ThoilaBten HeTCS hh
magnet | CAGET Lt § AT B SBR S ARSI CATT S L ASEREST the
TSt er NLPELL e S e SRS Ml SR el ghreos of
op. sur (e tlat (HP prbErgaFRg Tor EPONEOTCTHEAY 1 PEBUTSPPLy hatirn on the
mast er i_nformaiion carrjer were offtenS gt Wh%re ttt1e side_f:ilc sa%[ the |
pr ot r udi Hgr§B 12 BheY Wer ELe R % FRSEC G et P PRTATHBNERF E+FPEy&F %r with
e TR ST ST R S A
gt e ARTCR-CR: (G AN T G NS R
reveal edtlgehaztnatglqgtic layer was peeled off the master information

‘carrier at a h-igher\‘ frequency. That is; it was presumed that

dynamic structural weakness of the master information carrier

‘caused the magnetic layer to be peeled off. The dynamic:

structural strength of the master information carrier is

governed by, for instance, the thickness of the magnetic layer

and the bonding strength between the base sheet and the magnetic

layer. Our furthrer investigation has revealed that edges of

flat top surfaces of the protruding portions of the

irregulérity pattern on the master information carrier were

often cut where the side faces of the protruding po'rtions were

covered with a very thin magnetic layer or with no magnetic

layer, that is; the thickness distribution of the magnetic

iayer generated a structural strength distribution, and stress

was concentrated on the portions where structural strength was

weak to generate peeling of the magnetic layer.

Further, our investigation has revealed that the

. thickness of the magnetic layer on the side faces of the

protruding portions of the irregularity pattern on the master




t hi ckness of the magnetic |ayer on the side faces of the protruding
portions of the irregularity pattern on the master 4 24 24hae2205
information carrier largely affects the quality of the signal transferred
to the slave nedia. SUMMARY OF THE | NVENTI ON Enbodi nents of the present
invention provide an inproved master information carrier for magnetic
transfer which has an inproved durability and can transfer information to
slave nmedia so that an excellent reproduction signal can be obtained in
the sl apéormadilgn Enbodimeatgebf affecpeetentavuadvient ¢orihsr ovbdel a magnetic
transfer method using the inproved master information carrier. In

accor dahEensharred Feridie gdpEet™}iahe present invention, there is provided
a master information carrier for nagnetic transfer to an in-plane nagnetic

recordi ng nedium conprisi APMRRTaSE SHENMFAVEAY an irregularity pattern
representing_information to be transferred to an in-plane magnetic

recor di ng neﬁ??ﬁﬂ%ﬂ%ﬂta PegrEts PTSRRAT FOFiREG ar oRGOVEAR PPr edlFAreYy
ragnet | BT S5 B PR OBperotLtt 566 OIS pro: FERTETpOTIGh TR (R
irregul§£ité§é%at %Eﬂilﬁﬁd HQF %picknes edaI. ?f the nma neticvla%er.on each
of the Side ' surtaces off tHe p?&r‘ifcﬁnﬁg horf BF S ACHs Y tHE Vol FEhd ng
Conditigg’that an excellent reproduction signal can be obtained in the
slave media.

Embodiments of the present invention provide a magnetic
transfer method using the improved master
information carrier.

In accordance with a ~first aspect of the present
invention, there is provided a master information carrier for
magnetic transfer to an in-plane magnetic recording medium
comprising a base sheet having an lirregularity ©pattern
representing information to be transferred to an in-plane
magnetic recording medium and a magﬁetic layer formed along
the irregularity pattern, wherein the improvement comprises that
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
and the thickness da2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following

condition,

0.05<da2/dal=1.3.




0. O5<da2/dal s1.3. 5 24 June 2005 1In accordance with a second aspect of
the present invention, there is provided a naster inform@4dane2dd5 er for
magnetic transfer to a perpendi cul ar nagnetic recordi ng medi um conprising
a base sheet having an irregularity pattern representing information to be
transferred to a perpendicular nagnetic recording nmediumand a nmagnetic

| ayer fornmed along the irregularity pattern, wherein the inprovenent
conprises that the thickness dbl of the magnetic |ayer on the upper
surface of alprotroadidaiqeor tiigh ofe. tskeohdr egspart t yohatther n prasdnt he

t hi ckness db2 of the magnetic |ayer on each of the side surfaces of the

pr ot r udiiAgeporat onthssts sy pheviasid ow Rgsteondhidmmtion]l <ds2iebl1fors. In
enbodi nents of the present invention, the information to be transferred to
an i n- pPaaee ey netans fegc drdi hgPrERthcelan MpeRpleri tetrdipggmediiem
recording nmedi um generally includes servo information, and it is preferred
t hat t hERBEHEM% |AyePashe &NEBFt RAGHME | c2RayeFredulpEdy - PAtdSFRgnetic

| ayer weak in coercjve force. According to our investigation, in the
mast er TPRTGISTHLTEN CHOFPeFieRr tRadifet PN TFPAndPerd | RGTRHRGHERFon  to

i n-plane_magnetic recordi ng nedia, peeling of .the nmagnetic |ayer often
takes pla8E-iitten ASBTURY | FeRom | PGP (RAHT-I65 LaRE diPEBTTi AYOBF ¢ he

mast er %HQOEP%g&dTgrE%§r£§ té%%fﬂdﬂgggggsthe improvement comprises that

the thickness dbl of +the magnetic layer on the upper
surface of a pyrotruding portion of the irregularity pattern
and the thickness db2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition,

10.1<db2/db1=0.5.

In embodiments of the present invention, the information to
be transferred to an in-plane magnetic recording medium or a
perpendicular magnetic recording medium generally includes
servo information, and it is preferre& that the magnetic layer
be a soft magnetic layer or a semi-hard magnetic 1layer weak
in coercive force.

According to our investigation, in the master
information carrier for magnetically transferring information
to in-plane magnetig recording media, peeling of the magnetic
layer often takes place when da2/dal is not larger than 0.05
and durability of the master information carrier deteriorates.

As the thickness da2 of the magnetic layer on each of the side




As the thi:ckness da2 of the nmagnetic |ayer on each of the side 6 24 June
2005 surfaces of the protruding portion increases, peeli2fJaie 2005
magneti c | ayer becomes | ess and durability of the nmaster information
carrier remarkably increases. However, when dal/dal is larger than 1.3,

t he magnetic flux which should enter the slave mediumfromthe magnetic

| ayer on the upper surface of the protruding portion upon application of
the transfer magnetic field becomes apt to be drawn in _the nmagnetic |ayer
on the s?@Efages e Wdfe PROtERELRAIPIHE por titsiT eafE T hPSeitds Plythef the
transfer magnetic field deteriorates, which results in deterioration of
qual i ty BagR¢ghal davepr SRrEe st rigrag hand| dusabiddtimods tidre t Bash@gneti c
transfer. Accordingly, in the case of the master infornmation carrier for
magnet i citf9rmnabhen ecainyg sirnflommakadn t olnarepane. nalpwaver r e¥bedi ng
medi a, when 0.05<da2/dal_1.3, durability of the master information carrier
i s i npr odad/dal isnlapyerahanfdagnethe apopstpattlaprnwbighishabrdenten the

sl ave nmedia so that high-quality reproduction signals can be obtai ned.
Wien dutksidlave sfedive fusnethe megnedticohapar rorethes uppgrossafage | ar ger
nunber of preformatted nmagnetic recording nedia can be obtained from one
mast er iof otlmat Pootradingrponhierbypopratpl heatien neafnehe ctraesdfdrng nedi a
can be | ess expensive. In the case of the master information carrier. for
magnet i ceddnetransield hardnsgsopptt torbe dyrenpdmditbel aponghgsel f¥e¥ecor di ng

medi a, durability of the master .information o
"on the side surface of the protruding portion and the intensity

of the transfer magnetic field deteriorates, which results in
deterioration of quality of .signals reproduced from the slave
medium after the magnetic transfer.
i}:cordingly, in the cése of the master information
carrier for magnetically transferring information to in-plane
magnetic recording media, when 0.05<da2/dal=1.3, durability
of the master information carrier is improved and an optimal
magnetization pattern can be formed on the slave media so that
high-quality reproduction signals can be obtained. When
durability of the master information carrier is improved, al
larger number of-preformatted magnéetic recording media can be
obtained from one master information carrier, whereby
preformatted magnetic recording media can be less expensive.
In the case of the master information carrier for
magnetically transferring information to perpendicular
- magnetic recordingmedia, durability of the master information
carrier can be improved when db2/dbl>0.1 as in the master

information carrier for the in-plane magnetic recording media.




carrier can be inproved when db2/dbl>0.1 as in the master information
carrier for the in-plane magnetic recording nedia. 7 24 24den20i%
However, in the perpendicular recording, the intensity of the nagnetic
field at magneti zation inversion portions on the slave nedium opposed to
the protruding portions of the irregularity pattern on the naster
information carrier can be enhanced by concentrating nmagnetic fluxes on -
the magnetic |ayer on the side surface of, .the 1gllr;lot.rq:dil{l ro%i RS, and our
i nvest i ga®¥eYehad ™ Ehe ATPIIHRC L§6OFGBPdn. 1€ HE-THERsf & “Pagneti ¢
field intensity cannot be suffi ci,ensz.to qbtain. hi h-c%;ill ity rrleef_lgducti on
si gnal s."3gRebbe Hhehddpd/ BBEBELEZatLRE ARy &Y | SH&T tP8s 4t the

protrudi ng portions beconme too small to obtai.n high-guality re duction
si gnal s.SPhe¥er diesdisn opPeIRd chSe etﬁéog:&%’gépgi nﬁ%’r’ﬂh??%n Of::a?#“lger f or
magnetically transferring information to ,ggrgendi cul ar_ magnet.i CLecor di ng
medi a, wheReguiaEbYY MEittere on the FBStery IBFOTRRIHER (S T HY o PBn carri er
is inproved and an optimal nmagnetization pattern can pbe forned t he
sl ave newdhancedt kit cRRgRUEGALLIRY PEFP6SIEt iafd'h’xﬁsgrﬂﬂs 3nm88ne3§?ai ned.-
When durability of the master information carrjer is jinproved, a_larger
nunber otayekid: ket sldeegHdiace ofetBERTYE ng EAF PP 6t &e8%Fr om one

master information carrier, whereby preformtte net.i c, recording nedia
can be imsesekgehkowbas revaladibigts Wﬂ%dggf'ﬁ?fﬁgggp%le BFaPﬁge%r esent

magnetic field intensity cannot be sufficient to obtain
high-quality reproduction signals. . However when db2/dbl>0.5,
the magnetic flux densities at the protruding portions become
too small t-o obtain high-quality reproduction signals.

Accordingly, in the case of the master information
carrier for magnetically transferring information to
perpendicular magnetic recording media, when 0.1<db2/dbl=
0.5, durability of the master information carrier is improved
and an optimal magnetization pattern can be formed on the slave
media so that high-quality reproduction signals can be
obtéined. When durability of the master information carrier
is improved, a larger number of preformatted magnetic
r_ecording media can be obtained from one master information
carrier, whereby preformatted magnetic recording media can be
- less expensive.

In accordance with a third aspect of the present
invention, there is provided a magnetic transfer method for
magnetically transferring information carried by a master

information carrier, comprising a base sheet having an




invention, there is provided a magnetic transfer nethod for magnetically
transferring information carried by a master infornmati on2¢dung 2005
conprising a base sheet having an 8 24 June 2005 irregularity pattern
representing information to be transferred to an in-plane nmagnetic
recording nmediumand a magnetic layer forned along the irregularity
pattern, to an in-plane magnetic recordi ng nmedi um having a magnetic | ayer
at least on aone side thereof, the nmethqd conpri si

t he st f | yi
an i ni { AT SC 1RGO | CORFBFERT 0 TORE ISP e niBRRTEL19R oo ndSredi um i n

a direction parallel to the tracks thereof so that the netic layer of
t he in-&ﬁ%ﬂ?ﬂﬁﬂﬁﬁﬁiﬁ?rﬁﬁxﬁﬂﬁﬁﬁ?nQHﬂﬁQRﬁ§¥FrﬁﬁﬁﬂﬁiiﬂﬁiW?ﬁmﬁha%ﬁgé%tion and
then applying a _transfer magnetic field in a_direction opposjte to the

di r ect i nwtetite layer Arrpednadregi EPE; éraegalﬁﬁétwa@ﬁgFFg ray8r®™ of the
magneti c recordi ng medium and the magnetic |ayer of the . master information
carri er Wi aifeMREYRELECT ¢RI NG AP YR hé"&if‘gs%“@&ﬂ Cnajalyﬁre%l%h ot her,
wherein the inprovenent conprises that the thickness QS%Eof t he pagnetic
| ayer od-aafd gppere sifq ddersofy FhetFabhAg ¢oMRE ohtd StEPERt arity -
pattern on the master information carrier and the thickness dag2. of the
magnet i @HRAMEMGANHEH 1 DRenagret 36t igld tarthadPpPdenGAgRehbrt i on
satisfy the followi ng condition, 0, 05<da /d%!I.S. In ac orgﬁnce Fﬁth a
fourth ;;Wdlgfg {rxﬁ@lg}negéﬁtdlrectlon parallel to the tracks ereo

so that the magnetic layer of the in-plane magnetic recording
medium is magnetized in the direction and then applying a
transfer magnetic field in a direction opposite to the
direction of the initial DCmagnetic field to the magnetic layer
of the magnetic-recording medium and the magnetic layer of the
master information cérrier ﬁith the magnetic layers held in
a close contact with each other, wherein the improvement
comprises that
" the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
on the master information carrier and the thickness daZ2 of the
magnetic layer on each of the side surfaces of the protruding
portion satisfy the following condition,
0.05<da2/dal=1.3.
In accordance with a fogrth aspect of the present
invention, there is provided a magnetic.transfer method for
'.magnetically transferring information carried by a master
information carrier, comprising a base sheet having an

irregularity pattern répresenting information to be




invention, there is provided a magnetic transfer nethod for nmagnetically
transferring information carried by a master i nformtion2¢dane 2005
conprising a base sheet having an irregularity pattern representing
information to be 9 24 June 2005 transferred to a perpendi cul ar nagnetic
recordi ng nmediumand a nmagnetic |ayer forned along the irregularity
pattern, to a perpendicular magnetic recordi ng nmedi um having a nagnetic

I I id h f h hod j.Si h f
apbl yi NG HHT T & RConRGREETaL PIEPE RASTHLC Fer Bt Er  gRAT o

di dium i di ti dicul to .the t k _pl th f
So that T REGREINS [EYSTagBrush @ hETparie it < A Tgh BRSSP By redi um
is magnetized in the direc%ion and &hen ap Lﬁ&ggla.transfer netic
field i PHRFICLTTOTF oPpIRFtECt 5°FRE aPFieE‘ﬁ%& FHe'9 i fi PP D magnet i c

field ta th tic | f. th eti dj di th
mgnet | AESEA DRCPRE WALTES Sist CPREEPON T2F IRl ERTERGSHRgnEb P o Tayers
close . contact_wi th each er, . wherein.the_jnprovenmept conprises

hel d i t
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surfaces of Lhe BLOLI U pR. OLL 9 3AULRLYLB.] bl ag Sopdition

1ayer of the perpendicular magnetic recording medium is
magnetized in the direction and then applying a transfer
magnetic field in a direction opposite to the direction of the
initial DC magnetic field to the magnetic layer of the magnetic
recording medium and the magnetic layer of the master
information carrier with the magnetic layers held in a close
contact with each other, wherein the improvement comprises
that

the thickness.dbl of the magnetic layer on the upper
surface of a protruding portion of the irreqularity pattern
on the master information carrier and the thickness db2 of the
magnetic layer on each of the side surfaces of the.prdtruding
ﬁortion satisfy the following condition,

0.1<db2/db1=0.5.

Preferably the ratio of the thickness of the magnetic
layer on each of the side surfaces of the protruding portion
to the length S of the recess {the minimum of the lengths of
the recesses between the tops of adjacent:protrudingﬁpdrtions

of the irregularity pattern as measured in the direction of

10




Preferably the ratio of the thickness of the magnetic |ayer on each of the
side surfaces of the protruding portion to the |Iength S 24 Johe200cess (the
m-ni num of the | engths of the recesses between the tops of adjacent
protruding portions of the irregularity pattern as neasured in the
direction of 10 24 June 2005 track) is larger than 0.05 and smaller than
0.4, that is, 0.05< the thickness of the magnetic |ayer on each of the
side surfaces of _the protruding portionlthe length S of, the e $<0. 4.
When t het¥agkb iisslaggerdihym Ot Ag e éﬁ,aatlﬁé E%B%%-r}‘of EhAL gt PeOPR o
converged on_the magnetic |ayer beconmes i nsuf ic'% t to,ensure sufficient
si gnal geRe ithickunrsseat WedrInelel ¢ 4aVE T @ FEC ‘?JE\I 8519 AP he
intensity of the transfer nmagnetic field generated between oII[rudi ng

por t i ons®BeklaeRrofRYGIRY cPeRELeR/ ErR uk et P cPENtRE i BRSPS A Fty. It is
further preferred that the angle O of inclination _ _of each of the_side
surfaces of tHEWQROERRGEHGE DI T dRrdeE Thate fullzr| He?‘epﬁf“PBP ?fhe angl e
bet ween the protrusion side extension of the surface of thg recess and the
si de surfageftige HbEx sfgverdefanc3o BRE Jmgtreliq hj'r?ygﬁ . PfFERFRe angl e

8 of inclination of the side surface is smaller than 30 , the ransfer

magnet i clagef §igbanE fccenFRpRsPALL EARNEREENE L WG I tai PG 'RAF WBSBnsur e

sufficient signal quality, though the durapility, of the}iln%g_neti c layer is

great|y Frprakd® inmatcaBallendhante- 4ndihe Bnbenshky ofthoHTEPSERE side

surface is not snaller than 80 , pressure history in rra%ne ic transfer is
magnetic field generated between protrudln&/ portions becomes

insufficient to ensure sufficient signal quality.

It is further preferred that the angle 6 of inclination
of each of the side surfaces of the protruding portion of the
irregularity pattern (the angle between the preotrusion side
extension of the surface of the recess and the side surface)
be not smaller than 30° and smaller than 80° . When the angle
8 of inclination of the side surface is smaller than 30° , the
ttansfer magnetic field generated from pattern edges is too
dispersed to ensure sufficient signal quality, though the
durability of the magnetic layer is greatly improved. Whereas,
when the angle 8 of inclination of the side surface is not
smaller than 80° , pressure history in magnetic transfer is
concentrated between the flat portion and the magnétic layer
on the side surface of the protruding portion, which results

in generation of crack and peeling of the magnetic layer, though
no pr'oblem'is involved in quality of the signal.

The magnetic layer of a slave medium may be formed of

Co, Co alloy {e.g., COPtCr, CoCr, CoPtCrTa, CoPtCriNbTa, CoCrB,

11




concentrated between the flat portion and the magnetic |ayer on the side
surface of the protruding portion, which results in genedtlumn2@d5 cr ack
and peeling of the magnetic |ayer, though no problemis involved in
quality of the signal. The nagnetic |ayer of a slave medi um nmay be forned
of Co, Co alloy (e.g., CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB, 11 24
June 2005 CoNI, Co/Pd), Fe or Fe all oy (e.g., FeCo, FePt, FeCoNi). It is

R I e I ok SRRy AL R, %B%“f“fh'eaiiﬁmbe
the- sl ave modi bt BY&RCFREHI G RRBAELS I ShE Hhe r&&%‘%ﬁ%?ﬁ a5 e
BiiBEESI%ﬂ%iﬁa&’%ﬁi«%Iﬁx%%ﬁ%ﬁﬁ%%%iaﬁhﬁégn%w frerEmad rae Fre magnet i ¢
G T, oRIREt S ek iy AR TR SRS o YOt RCUSSRRY Whanet ¢
o S0t Bl EAS) T aeE, L e coas dhe s ile e T <
magnetic._layer, for .instance, of N Fe, CoCr, FeTaC or FeAIS| may _be

provi ded"Bind&F tﬁé‘“ﬁ‘&ﬁnﬁagﬁ&qn@t&ﬁ merCGRFERY n BRFEIT t oWhEFSRT | | 2e t he

per pendi cul ar tiz t|o of the ghetic, layer and to i nprove the
sensi t i WEPEPOh ‘11 By lpeﬁgﬁcﬁﬁfﬁ Yhere the slave medium Is

a perpendicular magnetic recording medium).

It is preferred that the magnetic layer be provided with
a non—-magnetic primer layer, for instance, of Cr, CrTi, CoCr,
CrTa, CrMo, NiAl, Ru or Pd which gives a necessary magnetic
anisotropy to the magnetic léyer;

In the case where the slave medium is a perpendiculér
magnetic recording medium, a backing layer of a soft magnetic
layer, for instance, of NiFe, CoCr, FeTaC or FeAlSi may‘be

- provided under thel non-nagnetic primer layer in order to
stabilize the perpendicular magnetization of the magnetic
layef and to improve the sensitivity upon recording and
reproduction.

The thickness of the magnetic layer is preferably not
smaller than 10nm and not largexr than 500nm, and more preferably
not smaller than 20nm and not larger..than 200nm.

The thickness of the non—-magnetic primer layer is
preferably not smaller than 10nm and not larger than 150nm,
and more preferably not smaller than 20nm and not larger than

80nm.
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The thickness of the magnetic |layer is preferably not smaller than 10nm
and not |arger than 500nm and nore preferably not snall 24 Jule20@0nm and
not | arger than 200nm The thickness of the non-nmagnetic prinmer |ayer is
preferably not smaller than | Onmand not |arger than 150nm and nore
preferably not smaller than 20nm and not l|arger than 80nm 12 24 June 2005
The thickness of the backing |ayer is preferably not smaller than 50nm and
not |arger than 2000nm and nore preferably not smaller than 80nm and not

| arger than 400vem thiBRirES DRORI PR ONGRITHE DRAWINGP Fe ferabllvisoh pl an
view partly in a perspective view showing a master information carrier for
" magnet i csiahbhsf ethan Hoogor dadcerofi t hang€ i r $hasnbd0lf emt and eope esent
invention, Figure 2 is a fragnentary cross-sectional view taken along |ine
L1-11 i npfeferablly fetguemiddrs thareSPhodeddprospbargers thew 690am.
doubl e-si ded sl ave nedium and a pair of nmaster information carriers
carrying thereon nastBRIERf DEOQRIPDION OBETHE IRAWINGE to opposite sides of
the sl ave nedium Figures 4A to 4C are views for illustrating basic steps
of magnetic treEnpfer I dsam iplkal anewrggnstlixc ted g rspeguiee 5vigwa
fragmentary cross-sectional view of a part of a master information carrier

i N accorslancingiat mather sacbmdna teinboderentrof ot e gpregsient riamederi &, and
accordance with a first embodiment of the present invention,

Figure 2 is a fragmentary cross-sectional view taken
along line II-II in Figure 1,

Figure 3 1is an exploded perspective view of a
double-sided slave medium and a pair of master information
carriers carrying thereonmaster information to be transferred

' to opposite sides of the slave medium,

Figures 4A to 4C are views for illustrating basic steps
of magnetic transfer to an in-plane magnetic medium,

Figure 5 is a fragmentary cross-sectional view of a part
of a master information carrier in accordance with the second
embodiment of the present invention, and

Figures 6A to 6C are views for illustrating basic steps
of magnetic transfer to a perpendicular magnetic medium.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Amaster information carrier for preformatting in-plane
magnetic recording media in accordance with a first embodiment
of the present invention will be described first. In Figure

1, a master information carrier 3 in accordance with a first

embodiment of the present invention is like a disc in shape
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Figures 6A to 6C are views for illustrating basic steps of magnetic
transfer to a perpendi cul ar magnetic nmedium DESCRI PTI ON2®BufdHEDUBREFERRED
EMBODI MENTS A master information carrier for preformatting in-plane
magneti c recording nmedia in accordance with a first enbodi nent of the
present invention will be described first. In Figure 1, a master
information carrier 3 in accordance with a first enbodi nent of the present
invention is like a disc in shape 13 24 June_ 2005, and conprises a base
sheet 3aahdwionprigsiupddass sbieasr dahal iy apﬁlw%étgf%wgﬁgél&lﬁﬂ a
pattern fornmed on the surface thereof as a result the_base_sheet. 3a has
an i rregpbatiopspdt asrapgedrd a pedTienmgAERRe AmiBe S FaFedleZ8ig t he
irregularity pattern. The irregularity pattern represents information to
be transfesreadresubbgiiet ikasectiaiihdg 'Saa(ns|1§\r@ghaéair&)t3!aﬁ>&ttﬁrg§re 1 |
shows a-part of the irregularity pattern. The_ recessed portions ortions
bet ween pndt prudpfiy poghebhs 3ayerndbdinshepe 2prpg §88 WL INdGFYC | ayer.
In Figure 1, arrow X indicates the circunferential direction (the
di r ect | opabternr ack)e dndealewivy pattarasrereesadtalinfeeatin? on Figure
2, which is a fragmentary cross-sectional view of a part of the master
i nf or mat bentransferr&d it madinegis rpeorditpngedbat (D% Reden) &6hg a Iine
parallel to the direction X of track. In the master information carrier 3
of thi sFéghodi dershowsheas e nughethe 1i@IBRTIEY PABECER- t hat®® t he
t hickness dal of the soft magnetic |ayer on the upper )

recessed portions (portions between protruding portions 31)

need not be provided with magnetic layer. In Figure 1, arrow
X indicates the circumferential direction (the direction of
track) and.arrow Y indicates the radial direction.

In Figure 2, which is a fragmentary cross—sectional view
of a part of the master information carrier 3 including a
protruding portion 31 taken along a line parallel to the
direction X of track. In the master information carrier 3 of
this embodiment, the soft magnetic layer 3b is formed so that
the thickness dal of the soft magnetic layer on the upper
surface of the protruding portion 31 and the thickness da2 of
the soft magnetic layer on the side surface of the protruding
portion 31 satisfy the following condition,

0.05<da2/dal=1.3.

Though, in Figure 2, the thickness da2 of the soft
magnetic layer on the side surface of the protruding portion
31 is shown as the thickness of the soft magnetic layer on one
of the side surfaces opposed to each other in the direction

of the track, the thickness da2 of any one of the four side
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surface of- the protruding portion 31 and the thickness da2 of the soft
magnetic | ayer on the side surface of the protruding porP#dons82065ati sfy
the follow ng condition, 0.05<da2/dal' 1.3. Though, in Figure 2, the

t hi ckness da2 of the soft magnetic |ayer on the side surface of the
protruding portion 31 is shown as the thickness of the soft magnetic |ayer
on one of the side surfaces opposed to each other in the direction of the
track, the thickness da2 of any one of the four side 14 24 June 2005

sur f acessurfacest hd-ewo Eheletwrfigie SWppres apasmch tot kach ofhere
direction of the track and the two side surfaces opposed to each other in
t he radiin tdier dérechionat shedsradie apentheivir sidevair REINEPPOSE hi s
enbodi nent, the angle 8 of inclination of each of the side surfaces of the
pr ot r udi &y g@ertt pthe3limfthet hadizk sjreatiiion paetésfiiesHranrgneifdieen t he
protrusion side extension 41le of the surface 41 of the recess and the side
surface &svef the protruding portion 41) is not snaller than 300 and
smal l er than 800 . Further, in the enbodinent, the ratio of the thickness
da2 of the maghettliet ayertlhs embbdifnenthetbedargie flaoes 13€d-inaft iome :
protruding portion 31 to the length S of the recess is larger than 0.05
and smaldBreadiarmD.the shde siizfa0essef dal¢ S@ruding oy igariXy 4t i on,
"the length S of the recess" should be interpreted as "the m ni mum of the
| engt hs thd iheegetesity battierm (beetapglef batijacanthpr pretidggdon

side extension 4le of the surface 41 of the recess and the side

. surface 31s of the protruding portion 41) is notrsmaller than
30° and smaller than 80° . Further, in the embodiment, the
ratio of the thickness da2 of the magnetic layer on each of
the side surfaces 31s of the pr;)truding portion 31 to the length
S of the recess is larger than 0.05 and smaller than 0.4, that
is, 0.05< da2/5<0.4. In this specification, “the length S of
the recess” should be interpreted as “the minimum of the lengths
.of the recesses between the tops of adjacent protruding
portions 31 of the irregularity pattern as measured in the
direction of track.

The base sheet 3a of the master information carrier 3
may be formed of nickel, silicon, crystal, glass, aluminum,
Ceramics,syntheticresincn:thelike. The soft magnetic layer
3b may be formed of Co, Co ailoy (e.g., CoNI, CoNiZr, CoNbTaZr),
Fe, Fealloy (e.g., FeCo, FeCoNi, FeNiMo, FeAlSi, FeAl, FeTaN),
Ni or Ni ailoy {e.g., NiFe). FeCo and FeCoNi are especially
prefeiable as the material of the soft magnetic layer. The

magnetic layer formed on the base sheet need not be a soft
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portions 31 of the irregularity pattern as neasured in the direction of
track. The base sheet 3a of the nmaster information carrieB43una@305be forned
of nickel, silicon, crystal, glass, alumnum ceranmcs, synthetic resin or
the Iike. The soft magnetic layer 3b may be fornmed of Co, Co alloy (e. g.,
CoNl, CoN Zr, CoNbTazr) , Fe, Fe alloy (e.g., FeCo, FeCoN, FeN M,

FeAl Si, FeAl, FeTaN), N or N alloy (e.g., NiFe). FeCo and FeCoN are
especially preferable as the material of the soft magne L C ]Iié}/er. The
magnet | AP G dpyed BAC (Y BEsd RIELOMSEF I A5RTFMAIRBFEC 4BV June 2005
magnetic | ayer but may be a hard or sem -hard, magnetic | ayer.. However a
soft nadvetaven a soidr H@Q@@ﬁilﬂhéﬁéfeﬁa@ﬁe@i%elr%‘y}égrd%%m e cha¥¥i ve force
is preferred in that a nore excellent magnetic transfer can be effected.
Furt her smMall] dnpreeeritd faung ltshﬁrﬁﬁ@ﬁﬁﬁgcllll Bt PoRAER SFCeheHase sheet
be larger in saturation nmagnetization than the base sheet. The

i rregul AANetda tapmsdert fanfee e died he Fpedhesdi A§ 1pRIEDHH can be
formed, for instance, by the use of stanper nethod or_ photolithography. A
phot o- r &diadt tb@y@ﬁ@ﬂgt#Fr]sQY$lbrﬁ%@Q%0§nEhﬁ 35 Isheet pealer@sF Ylsnoot h
crystal plate) , for instance, by spin coating, and a |aser beam (or an

el ect r osaFaAt irpsd wasinad igeddodi §ano thendasey vhesitgnal is projected onto

t he photo-resist layer while rotating the glass plate so that  the

phot o- resi st [TRpetriegulaaidsenat bethey tlepaidany af FhsrRERterd Rad

pattern, e.qg., o
portions 31 can be formed, for instance, by the use of stamper

method or photolithography.

A photo-resist layer is first formed on a smooth glass
plate (or a smooth crystal plate), for instance, by spin coating,
and a laser beam (or‘an electrﬁn beam) modulated acéording to
the servo signal is projected onto the photo-resist layer while
rotating the glass plate so that the photo-resist layer is
exposed to the laser beam in a predetermined pattern, e.g.,
a pattern of servo signals each extending in a radial direction
in one track. Thereafter the photo-resist layer is developed
and the pé.rt exposed to the laser beam is removed with an
irregularity pattern of the photo-resist left on the glass

. plate, thereby obtaining a matrix. Then the surface of the
matrix is plated (electroforming) p and a Ni base sheet having
a positive irregularity pattern is formed on the matrix and
separated from the matrix. The Ni base sheet as it is may be
used as a master information carrier or may be used as a master
information carrier after forming a magnetic 1aYe; (a soft

‘magnetic layer in this particular embodiment) and a protective
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a pattern of servo signals each extending in a radial direction in one
track. Thereafter the photo-resist layer is devel oped ana4tiee 2005 exposed
to the laser beamis renoved with an irregularity pattern of the
photo-resist Ieft on the glass plate, thereby obtaining a matri x. Then the
surface of the matrix is plated (electroformng), and a N base sheet
having a positive irregularity pattern is fornmed on the matrix and

separated fromthe trix. The Ni, base sheet as |t is y be used as a
mast er iYAGHTERTOP E@?‘?rije?r%gmnaa@l% RAfeFHS 37 esstje?eg‘?nf ormation carrier

after forming a_magnetic layer (a soft . magnetic layer in this particular
enbodi nent) afFbBey ﬁ%etqh)% mal%“?ﬁ Web‘?%ggat?%yfe% g‘l’gﬁgatﬁ%c%‘cﬁ egul arity
pattern as desired. Qtherw se, the matrix |lated to forma second
matrix dHFEie 288cthe SRk mALRY 1By %@eﬂfgﬁe‘ggﬁﬁﬁﬁrﬁ‘ﬁ asRehehaving a

negative irregularity pattern. Further, a third tri.x may be formed by
pl ati ng RHELEcRNBeARELVR &,rrﬁ,gggtg‘tprﬁ y é’artéﬁrﬁ"syﬁﬁ 1'nst 1tg"li‘njerciurface of

the second matrix and_curing the resin syrup, and .a base sheet, having a
poSi £1 vaA Tk GRvABPt GO TR d¥h DIRHEH bRReRP P DMLY PReDTRTS tPhmt rix
Further, a matrix w thout, photo-resist |ayer nmaybe firat f or med gy et chi ng
the gl ass TR WEWP A0 inThurhe i tYrRte fh the FRECPAMBEF i %t o nake
holes in the glass plate, and a a&g{gse sheet ma% be forned b‘é the use of the
matri x iGREHE fdttheres destYriRd b2, PagR BRREt shR%{ tey BRST0IVRd of

metal such as N or N . . .
irregularity patternmay be formed by plating the thirdmatrix.

Further, amatrix without photo-resist layer maybe first
formed by etching the glass plate with an irregularity pattern
of the photo~-resist to make holes in the glass plate, and a
base sheet may be formed by thé use of the matrix in the manner
déscribed above.

The base sheet may be formed of metal such as Ni or Ni
alloy as described above, and as the aforesaid plating for

 forming the metal base sheet, various metal film forming
techniques such as electroless plating, electroforming,
sputtering, or ion plating can be employed. The height of the
protruding portion (the depth of the irregularity pattern) is
preferably in the range of 50 to 800nm and more preferably 80
to 600nm. When the irregularity pattern represents sample
servo signals, each of the protruding pértions is rectangle
having longer sides in a radial direction of the base sheet
and shorter sides in a circumferential direction of the same.

When the irreqularity pattern represents sample servo signals,

each of the protruding portions is preferably 0.05 to 20um
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al l oy- as descri bed above, and as the aforesaid plating for formng the
met al base sheet, various netal filmformng techniques 8#dunead005

el ectrol ess plating, electroformng, sputtering, or ion plating can be
enpl oyed. The height of the protruding portion (the depth of the
irregularity pattern) is preferably in the range of 50 to 800nm and nore
preferably 80 to 600nm Wen the irregularity pattern represents sanple
servo signals, each of the protruding portions is rectangle having |onger
sides inia thdi Bbngiéresiden afidtheObase Shewetin abe shorter siides-in a
circunferential direction of the sane. Wen the irregularity pattern
represents sarphe serfito sagnetdc leasiy ofbt maspr ber uBiPHECPoony oklei s
preferably 0.05 to 20g m 17 24 June 2005 in the |longer sides and 0.05 to
5min therségularisyded.tcneby o ipugrgduin 4§ én By bechbiff@8Son t he
irregularity pattern by various vacuumfilmform ng techniques _or plating
met hod seic hp Bt inag mehidep esichi en, vapuen sldpeg L tiom, pratitegiagd LeR | i ke of
magnetic material. The thickness of the soft magnetic layer 3b is

_ pref er abpyabOntycarkdOrine drikemofenagnetéeaegint o Jenmhiskngsscefbed
above, the thickness dal of the soft magnetic |ayer on the upper surface
of the thetsafl npgerticola¥eradd therefieckhdysS8ato di0QrHe aggk RofRignet i ¢
“layer on each of the side surfaces of the protruding portion satisfy the
f ol | owi norebadablpra0 6o Haae/ dals descr ived pdloiei, ohhe dihisdmasfedahi cknesses
dal and da2 can be effectively controlled by formng the soft magnetic

| ayer byof the soft magnetic layer on the upper surface of the

protruding portion 31 and the thickness da2 of the soft magnetic
layer on each of the side surfaces of the protruding portion
satisfy the following cc)ndition, 0.05<da2/dal=1.3.

The relation between the thicknesses dal and da2 can be
effectively controlled by forming the soft magnetic layer by
sputtering using a collimator and/or by controlling the
mobility of sputtered particles on the substrate by
'controlling the sputtering power.

It is preferred that a protective film such as of DLC
{(diamond-like carbon) be provided on the soft magnetic layer
on the upper surface of the protruding portion 31. A lubricant
layer may be further provided on the protective film. A
reinforcement layer such as a Si layer may be provided between
the soft magnetic layer 35 and the protective film to enhance
the contact therebetween. The lubricant layer suppresses
deterioration in durability of the soft magnetic layer 3b, such

| as scores due to friction, which occurs in correcting for a

~shift generated when the soft magnetic layer 3b is brought into
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sputtering 'using a collimtor and/or by controlling the nobility of
sputtered particles on the substrate by controlling the 24June2005g power.
It is preferred that a protective filmsuch as of DLC (dianond-Ilike
carbon) be provided on the soft nagnetic |layer on the upper surface of the
protrudi ng portion 31. A lubricant |ayer nmay be further provided on the
protective film A reinforcenent |ayer such as a Si |ayer may be provi ded
between th ft gpgetic,layer 3b and the protective filmto enhance the
RBEen: . Ch g

contact R ReStabFi Bg fu?ayer suppresses deterioration in
durability of fhe spft neric |ayer such . as scaores_du I ction,
whi ch occﬁrs i a@B?EéEtga%" FoF* o Ofay ]?cfn'baeMt%W ThESE n&grgnetic

| ayer 3b,is brou into 18 24 June 2005 . contact V\n&h the sI - medi um
Vagnet  © HPaRSR Gt BmATar AREPEREEAOR SRErES o BhFH5oPRE o3 st er
I nformati on carri.er i .accor dance th %B pﬁesent ventlon wll be
descri beBXEREPE FrBé’F 1ORWE g eus—"i:'tj gdg, ﬁrﬁ%ﬂﬂf’ g'f’ “iaster i nfornation

carriers 3 and 4 are dl&pOS d on ogp05|te .Si de sl ay nedl 2. The

sl ave nedi um 2P2Rayige® A8y §4Ethcd, & R cmﬁﬁgeﬁ R ﬁﬁ%g i'sc. In
this particul.ar t he sl.ave nedi, ovigded with a pair of
e et tiarad g it aiEBosr ozboaﬂa%fefw#esdgﬁﬁ e Reth oo per

si des of _a dj sc S e ase sheet  2a t h the slave nedi u be

ot ovi ded2ui ¢ 6 2 S To e B0 ARy Payertor hetance, s niEd Wit 8

a flexible disc. In this particular embodiment, the slave
medium 2 is provided with a pair of in-line recording magnetic
layers 2b and 2c formed on lower and upper sides of a disc-shaped
base sheet 2a though the slave medium 2 may be provided with
a single recbrding layer.

Both the master information carriers 3 and 4 are in
accordance with the present invention and. respectively
'provided with irregularity patterns formed on the upper side
of a base sheet 3# and the lower side of a base sheet da
‘representing pieces of information to be transferred to the
lower and upper magnetic layers 2b and 2c. Soft magnetic
layers 3b and 4b are férmed along the irregularities.

- Though, in Figure 3, the lower and upper master‘
information carriers 3 and 4 and the slave medium 2 are away
from each other, in the actual magnetic transfer process, the
soft magnetic layer 3b of the lower master information carrier
3 is brought into contact with or to the vicinity of the lower
‘magnetic layer 2b of the slave medium 2 and the soft magnetic

layer 4b of the upper master information carrier 4 is brought
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Both the naster infornmation carriers 3 and 4 are in accordance with the
present invention and respectively provided wth irregul a84Juye P05 er ns
formed on the upper side of a base sheet 3a and the |ower side of a base
sheet 4a representing pieces of information to be transferred to the

| ower and upper magnetic |layers 2b and 2c. Soft magnetic |ayers 3b and 4b
are fornmed along the irregularities. Though, in Figure 3, the | ower and

upper masheéd contfaptuithroc 8o rtitey 813ianty 4 farkle Lpped Ry¥gndelt gaydrar e away
fromeach other, in the actual magnetic transfer process, the soft

magnet i c2Ztagér tBe slatrtBemkaweh puster information carrier 3 is brought
into contact with or to the vicinity of the lower nagnetic |ayer 2b of the

sl ave nedi um ZBasik thepsob £ mmgnraticCtrhayesr 4y ah 1o UIRehaGRSEEE
information carrier 4 is brought 19 24 June 2005 into contact with or to

the vi ci petyroinghredippeiwiTaghet HesbayBed witRfrderslayvedpdigumed. Basic
steps of magnetic transfer to an in-plane magnetic recording nmediumw ||

be descrihetowith KefeIEHEEow O RirgurigmiredA 40 +4CAchebal phehaws o8 Fi gures
4A to 4C, . only the | ower—- magnetic layer 2b is shown. An initial DC

magnet i cmbgeédidl Daysrf2psisagpbked to the slave medium 2 in one direction
parallel to the recording tracks thereof, thereby magnetizing the nmagnetic

layer 2b of tImn $hatealnpdingfnktdic $hewa Hih R0yl esd Apdieéedlt ehe the soft
magnetic |layer 3b of the |ower master information carrier 3 is brought
slave medium 2 in one direction parallel to the recording tracks
thereof, thereby magnetizing the magnetic layer 2b of the slave
1nediun12 as shown in Fiqure 4A. Thereafter, the soft magnetic
layer 3b of the lower master information carrier 3 is brought
into close contact with the. lower magnetic layer 2b of the slave
medium 2. In this state, a transfer magnetic field Hdu is
applied in the direction opposite to the initial DC magnetic
field Hin as shown in Figure 4B, thereby magnetically
transferring the information on the master information carrier
3 to the lower magnetic layer 2b of the slave medium 2. As
a result, information represented by the irregularity pattern
on the master information carrier 3 is transferred to the lower
magnetic layer 2b as shown in Figure 4C. The information
represented by the irregula;ity patterns on a pair of master
information carriers may be transferred to opposite sides of
the slave medium either simultaneously or in sequence.
In the case where the irregularity pattern representing

. information to be transferred is a negative pattern reverse

to the positive pattern shown in Figures 4A to 4C, the.

20




into close contact with the. |ower magnetic |layer 2b of the slave medium
2. Inthis state, a transfer nagnetic field Hdu is appli 2dJume 2008
direction opposite to the initial DC magnetic field H n as shown in Figure
4B, thereby magnetically transferring the information on the master
information carrier 3 to the |ower magnetic |ayer 2b of the slave nedi um
2. As aresult, information represented by the irregularity pattern on

the mast gfrbRhOt iBhI %@L_ncqzcéiﬁ%gﬁet'ﬁcérpystﬁaﬁgﬂefeeah%ol s shageetic
| ayer 2b as shown in Figure 4C. The information represented by the

i rregul apblyuRd by s B PRhE BirdBSels of M TRt 081 ORI hhghetIBY be
transferred to opposite sides of the slave nediumeither sinmultaneously or

in sequepges il B8 GR%CE WSS foif REghBESEWidNId HgRA tBINihEBASEEAEEN]
information to be transferred I's a"negative pattern reverse to the

posi ti Ve, Pate! i SNOWRC ih Sl S €81 474 bR d¥he tREns28rthghiRe 289814

I nformation can be magnetitcally transferred to the slave nedium2 by

reversingpl *‘tf‘eﬁgxfn‘?ﬁ{écpgi Phe & ildbE Ble PocFoane! ESrcbist ¢nld B1avd the
transfer magnetic field Hdu. The intensities of the initial DC magnetic
field af&@?&b&ntrgpsfeﬁemgg@&iﬁé' ebdrmd19i OEE £L41 NG opnthembasks of the

coercive torce of the slav medi um 2, the specific perneabilities of the

master {nEOLABLION CRAEFIEE ANE te SIAKE RGN A e 1ike, A master

information carrier for preformatting perpendi cular magnetic recording
medi a i n accorglanggspeth 3nreenAbdoRTPeArRRY Offdie pressphatByRFtion will

be descri bed
perpendicular magnetic recording media in accordance with a
second embodiment of the present invention will be described
first.

Figure 5is a fragmentar'y cross—sectional view of a part
of amaster information carrier 13in accordanée with the second
.embodiment of the present invention including a protruding
‘portion 32 on a base sheet 13a taken along a line parallel to

the direction X of track. In Figure 5_, reference numeral 13b
denotes a soft magnetic layer. In the master information
carrier 13 of this embodiment, the soft magnetic layer 13b is
formed so that the thickness dbl of the soft magnetic layer
on the upper surface of the protruding portion’ 32 and the
thickness da2 of the soft magnetic layer on the side surface
of the protruding portion 32 satisfy the following condition,
0.1<db2/db1=0.5.
Further, in this embodiment, the angle ofinclination

of each of the side surfaces of'the protruding portion 31 of

the irregularity pattern {the angle between the protrusion
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first. Figure 5 is a fragnmentary cross-sectional view of a part of a
master information carrier 13 in accordance with the secoildJuesBekf nent of
the present invention including a protruding portion 32 on a base sheet
13a taken along a line parallel to the direction X of track. In Figure 5,
reference nuneral 13b denotes a soft magnetic layer. In the master
information carrier 13 of this enbodinent, the soft magnetic layer 13b is

L‘Jif”‘éges-%T & e t?pe?%lﬁo%h id Q?Fﬂfourfsfzat&eﬁ?%% e PEL ke AT e, %23??”
The T ol | BU FEERondl ARoRne RF Gatbans poxsian EE) (R A, %ﬁ?ﬁig%ﬁ‘&%mﬁty

the angle 0 of incli nat i on of fgach_of he si,de_ _surf ot rudi ng
portion 31 ofnd FRALLEEGLPERI BY pat Furk ﬁhelﬁn?j?l ’gﬁﬂé% ?]Eué pﬂrl)%tru& on

21 24 J 2005 id 1 h f th dth

si de sﬂg‘-l?‘%ﬁ:% %ﬁsslb eql}w(fé}]%{]%sogaéngfoghtfel %ﬁaglff&fc:gl%%egsror%l %%ﬁ'f aﬁ ago ;ng
|1 th : th t i ck

db2 of (HE RGRCEVE %sﬁ?igm%ﬁ%‘%p%%“ta%cﬁ%&faakﬁﬁ??;%e? o Lot clness
trud t 31 t he | th S 0.05 -

Bnd smal§ & CENEBoaTs iiataspet i 0 dordoshsEFe t*#?asﬁ ?L%er HhElion,

Ul STBLR e ohBRsLoR e b oo P REShE it i B g of e

‘therecess”shouldbeinterpretadas“themlnnmnnofthelengths
of the recesses between the tops of adjacent protruding
portions 31 of the irregularity pattern as measured in the
direction of track.

The soft magnetic layet'le may be formed by the Same
manner as the soft magnetic layer 3b in the first embodiment

described above.

Basic steps of magnetic-transfer‘to a perpendicular
magnetic recording medium will be described with reference to
Figures 6A to 6C, hereinbelow. In Figures 6A to 6C, only the
lower magnetlc layer 12b is shown.

An initial DC magnetic field Hin is first applled to the
slaﬁe medium 2 in one direction perpendicular to the track
surface thereof, thereby magnetizing the magnetic layer 12b
of the slave medium 12 as shown in Figure 6A. Thereafter, the
soft magnetic layer 13b of the lower master information carrier
13 is brought into close contact with the lower magnetic layer‘
12b of the slave medium 12. In this state, a transfer magnetic

field Hdu is applied in the direction opposite to the initial
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portions 31 of the irregularity pattern as neasured in the direction of
track. The soft magnetic |ayer 13b nmay be forned by the saadunsnB0lfer as the
soft magnetic layer 3b in the first enbodi ment described above. Basic
steps of magnetic transfer to a perpendicular nagnetic recordi ng nmedi um
will be described with reference to Figures 6A to 6C, hereinbelow In
Figures 6Ato 6C, only the |ower magnetic |layer 12b is shown. An initial

DC 1 ic field Hnds fj i he sl ' '

di oot oRCPBERAFLGI 40t  RA r Atk St acl ( RBFUEF . hor 6B RRGnet i zi ng
th tic | 12h _of_the sl di um 12 hown j.n_ Fi 6A.

Thor oart BPORERECSART L HREHEATEE 150 o b hopt BT AhePAnceter "ERFGF mal f on
~carriler

.13 is_brought int t_with th ic |
120 o HETOFRRE RBGTTRE 127 1 TPnFBoal Sfer Medheier ARVREGTRIRE theeld Hou
is applied_in the. directi ite to the initial 22 24 ] Q05 DC
magnbt PP PRI o S8kt 8O RER BB, P SREGREEFEAHY, the

transferctin ti on on e master . information carri 13 to the

Vower mabREEaRtAz EY BB ot R LR S ot ICEBA LRGP G RECLRE 13 APor ma f on
1315t FERRPERFERAL ERE 1ONEF 1aier 12Bhe 8BS RLEFERIE 6CTr e
O BB ESBEESET S e e B BRSO I BRI ol TR0t
of master information carriers may be transferred to opposite
sides of the slave medium either simultaneously or in sequence.
In the case where the irregqularity pattern representing
information to be transferred is a negative pattern reverse
to the positive pattern shown in Figures 6A to 6C, the
information can be magnetically transferred to the slave
| medium 12 by reversing the directions of the initial DCmagnetic
field Hin and the transfer magnetic field Hdu. The intensities
of the initial DCmagnetic field and the transfer magnetic field
are determined on the basis of the coercive force of the slave
medium 12, the specific permeabilities of the master
information carrier and the slave medium, and the like.
In the first and second embodiments, amagnetic recording
disc such as a hard disc or high?densify flexible disc is
generally employed as the slave medium 2 or 12. The magnetic
Jlayer thereof is generally of a coated magnetic material or
‘a metal film. The magnetic ldyer of the in-plane magnetic
recording medium 2 has a magnetic anisotropy where there is

‘an axis of easy magnetization in a direction parallel to the
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sides of the slave nediumeither sinultaneously or in sequence. In the case
where the irregularity pattern representing infornation 26Jom 2000nsferred
IS a negative pattern reverse to the positive pattern shown in Figures 6A
to 6C, the information can be magnetically transferred to the slave
medi um 12 by reversing the directions of the initial DC magnetic field Hn
and the transfer magnetic field Hdu. The intensities of the initial DC
magnet i ¢ 4fii, el jand t an Jmgnegi e fl : e m t he basis
of the coé?civéiﬁbrggg%%ﬁthéhg%%ve éﬁ%%idﬁggg?t?%e g%&%%fi%%geﬁggﬁbilities
of the a3 I | rei ﬁgg t ve nmedium _and fhe.ljke. In
the fi rg?%gﬁgngé%gﬁéﬁg%a%e%é sl?éca rragnriﬁtll%’-&]ﬁ]é[(‘:o?%i %és §i ¢ ueg:hldas a hard
di sc or high- i X] ' ' .general ly enmpl oyed as t s| ave

rect um 2555 PSP Wl R RL e S Gl B IERR" Baty RV Sa ol B
magneti c ls r L.tilm .The eti.c.layer of the in-plane
nagneticdﬁ?gggﬁgkngeﬁggpgﬁkglﬁ%sEglEganggggﬂa%ng?F%py where there is an
axis of easy gagnetization in adirection parallel to the 23 24 June 2005
di rection trgﬁk, whereas the magnetic |ayer of the perpendicul ar magnetic

ecor 910 T L2 i PO L3RSl QR AL PR 500,811 ©
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twenty-secon I men € present
to fourth comparative exXamples were made in the following way

]

and transferred signal quality and durability of the master
information carriers were evaluated in the following manner.
The result is. shown in the following table. In the table, “emb”
is “embodiment”, “c/e” is an abbreviation of “comparative
example”, “SQ” is an abbreviation of “transferred signal
_Quality”,'and “dur” is an abbreviation of “durability”.

Evaluation of the transferred signal quality

Quality of thé signal reproduced from the slave medium
was evaluated by the use of electromagnetic conversion
property meter (SS5-60: KYODO Electronics). A GMR head which
was 0.12um in reproduciﬁg head gap, 0.41um in reproducing
track width, 0.2 um in recording head gap and 0.67 gy m in
recording track width was employed. The read signal was
divided into frequencies by a s'pectro-—analyzer, and the
difference C/N between the peak intensity C of the primary
signal and the medium noise N obtained by ‘extrapolation was

measured. The quality of the signal reproduced from the slave

medium was eval_uated on the basis of the relative values _A
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to fourth conparative exanples were nmade in the follow ng way and
transferred signal quality and durability of the master Rahtionen2@0%n
carriers were evaluated in the following manner. The result is shown in
the following table. In the table, "enb"” is "enbodinent”, "c/e" is an
abbrevi ation of "conparative exanple”, "SQ is an abbreviation of
"transferred signal quality", and "dur"” is an abbreviation of

“dur abi | i EYN- wi td e rred. gig L it Vs ity of the
Signal oo bdtben Tham PRl YARRREREC cBLPan MR T Y

el ect r omagpet i £k JE(% rt r -.60: Y%O lectrqnics). A
GWVR head whi c% l\/\%?ygéﬁ m i naq{d;%?lgd}&gg%ﬁhgég%gg,o% nn?‘fnglrroélk)&gl&uci ng
track W dthme &12%d CXo]l i recor di trrack wdth
was enpl oyed(?3 'Il%e elrlgggEgﬁﬂanﬁQE&%‘?%%égggP%?gzﬁﬂégt%r?c%ée)lé‘e bsy%él‘all '

spect r0- a0l yigls e LAE dhi (SRERCSAC N palieED s RAK Jlansity C of

the primary signal and the nedi um noise taine y excfrapo atton was

measur ed. l{ty of _the signal. reproduced fyr the sl ave di um was
eval uat edt%%&? ﬁée@bdasf%s' 0 B?ﬁea?glra%]ivew\?alv eAA%ﬁ JEFES0ERAT N i t h

the med s hore NOSTarSaap R M ERE LY e e U B PR SR

duci i t he head i nstead of
manet 1 o Toara et Wb Ters byt GRS AL/ s D Enedi e e s S ar ger
than -1.& dRa ddieshhdnstanBo-51 o0, aHaldh1Rs 2%l Hated s 13 cgood
was evaluated as a fair state A and when the relative value

AC/N is smaller than ~3.0 db, the transferred signal quality

was evaluated as a poor state X.

The durability of the master iﬁformation carrier was
e.valuated‘in the following manner. That is, with the contact
pressure between the master information carrier and the slave
medium set to 0.49Mpa (5.0kgf/cm?), the master information
carrier énd the slave medium were repeatedly contacted and
separated 1000 times. Thereafter, the surface of the master
information carrier was observed through differential
interfere_nce microscope ét 480X in 500 random fields of view.
Then if the number of worn or cracked porfions is tow or less,
the durability of the master information carrier was evaluated
as good O, if the number of the same was 3 to 5, it was evaluated

~as fair A and if the number of the same was 6 or more, it was
evaluated as poor X. |

First embodiment

Information on a master information carrier was
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state 0, when the relative value ACCN is not smaller than -3.0 db and not
smaller than -1.5 db, the transferred signal quality was24Vahe20d5d as a
fair state A and when the relative value AC/Nis smaller than -3.0 db, the
transferred sirgnal quality was evaluated as a poor state X. The durability
of the master information carrier was, evaluated in the follow ng manner.
That is, with the contact pressure between the master information carrier

and the slaxg s ipdhum st 100 49 repeat%/ SR 11 JEShehabpLor Mt | On

carrier an ave nedi um cont act and separated 1000
t he surface.o

bbaervedt ﬁﬁﬁg%éﬁiaﬁﬁwnﬁﬁ 3018y bARIR 1 Shes PHEEE AR £ LLCIn 1SS

random fj el d

Low or 1 EERER 8%&38. FrE) et e Bhe h ShoefLated Flalab °° 1°
eval ua egnn@mggedpgm 415 D Blcd D S, W95n3chE BonkhrBs

eval uat e he nu of t he sanmé was nore, it was

eval uat egnaéuggﬂéag% ﬁéé% 5 an sta'?l 'g%t '4%&m°%F§m”Eﬁ%eEe§E£9r mation

carrier was erre 0O an ne recordi ng sl ave

medi A t f t h di al, which 1.0
[rack with RAGPAZPan | Toe BLk BPPORPaRE ol dofidh 1 ohiani "PRABF DSt

203: ;![ gnn%cagt 5613%?;“ eog}ft?%gg%gr]ﬁ{:é?méﬁ]% fr?gte;eaq:ht Otha"’}:”lgl,‘t GHe”R%igl?QSi tion at
0of the protruding portions was 0.2pum.

The master information carrier was formed by the use of
stamper method, and a soft magnetic layer of FeCO (30at3) was
formed on a Ni base sheet at 25° C. The sputtering pressure
was 0.15Pa (1.08mTorr), and the power supplied was 2.80W/cm’.

The in-plane recording slave media wére prociuced in the
followingmanner. That is, 3.57 disc-shaped in-plane magnetic
recording media were prepared by a sputtering apparatus
(S-50S: Shibaura Mechatronics). The sputtering apparatus was
evacuated to 1.33 X 10°pa (1.0 X 107’Torr) at the room
temperature and then argon was introduced into the apparatus
to a pressure of 0.4Pa (3.0mTorx). Under these conditions,
glass discs were heated to 200° C and a magnetic layer
consisting of a 30nm thick CrTi layer and a 30nm thick CoCr
.layer was formed on each of the glass discs. Each of the slave

“media was 5.7T {4500 Gauss) in saturation magnetization Ms and
199kA/ﬁ (2500e) in coercive force. The ratios da2/dal and
da2/8 and the angle 8 of inclination of each of the side

surfaces of the protruding portion of the irreqularity pattern
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was prepared. The bit length was 0.2min the innernost position. The
grooves were 0.2 - min depth. that is, the height of the2pdote 2@05ng
portions was 0.2m The master information carrier was formed by the use of
stanper nethod, and a soft nmagnetic |ayer of FeCO (30at%) was forned on a
Ni base sheet at 25 C. The sputtering pressure was 0.15Pa (1.08nTorr), and
t he power supplied was 2. 80WcnR2. The in-plane recording slave nedia were

producedybpet B8 sHQLHLO 'nghgaggeiowlhgtt' je3- 5" disc-shaped in-plane
magnetic recording nedia were prepared by a’sputtering apparatus (S-50S:

Shi.baur agMeghat LRBLEShent e Sputtering apparatus was evacuated to 1.33

X10- 5Pa tt?ﬁ‘?%éﬁfégorr¥—at the room tenperature and then argon was

i ntroduced int it t r f. . 0..4P OmLQr Under
Phd NG, SfP on €nd ﬁégﬁ%ﬁ J%P%%%og}q%%g%e% mn.:rg

these conditions, glass discs were magneti c | ayer

cone <t Bes8h @ OB NEL Sl s 300 8 QYU Bt shovgt e

formed on eac the SCS. 0 ave edid was bo7T (4500
Gauss) i B u i net | i 9 oQe) i ercive
force. Tﬁlefggt %@6%‘%@% %%@dgg?gsgﬁfdﬂ ??1% vg g@%%i?gi%%l Qh@?i on of each
of the Sfﬁfggsgﬁﬁéﬁfﬁeﬁ% the protruding portion of the irregularity pattern
.26 24 . shown in the follow ng table. Second enbodi ment
The | nf or MBti Of 00 e wIRIIE ohNEALTRLL AN GAIFdriHa t1RES cakk 308! GLEED to the

sl ave nedi a iq the sane manner as
_transferred to the slave media in the same manner as in the

first embodiment except that da2/dal was changed-to 1.3.

Fourth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/S was changed to 0.09.

Fifth embodiment

The information on the master information earrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/S was changed to 0.35.

Sixth embodiment

The information on the master information carrier were
‘transferred to the slave media in the same manner as in the
first embodiment except that da2/S was chénged to 0.04.

Seventh embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/S was changed to 0.42.

Eighth embodiment
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first enbodi nent except that dal/dal was changed to 0.06. Third enbodi nent
The information on the naster information carrier were tR24dsheR0@d to the
slave nmedia in the sane manner as in the first enbodi nent except that

dal /dal was changed to 1.3. Fourth enbodi ment The information on the
master information carrier were transferred to the slave nedia in the sane
manner as in the first enbodi nent except that dal/S was changed to 0. 09.
Fifth enbodi meghe ieed MOE 184 i (B hAS ORSLEro LRI OISRI1A0 QA LggE, ver e
transferred to the slave nedia in the Sane HARAEr &S i n the TSt

enbodi MepkaRsgeRkchnBb €HE/S1Y6E HURNYG WD shhe minfidl SIPOYl gROt The

information on the master information carrier were ransferred to the
I - ' h first di t t _that
Gl S wes ErknehiBasATRTBROE. AEnal LIS atald' an Bt e ARe RS RRORT ho

t ' ' ' ‘ . h I La.in th
Tanner noorhiEs LAB CRIC LEEAUEES of EAOT I i bOR LT RR e B RaER 1 0°,5°™

Ei ghth eppodiarent 27 24 June 2005 The information on the master
information carrier were transferred to the slave nedia in the sane nanner

as in theinfhrstnegbadipent except that the angle 0 of inclination of

The information on the master information carrier were

transferred to the slave media in the same manner as in the
first embodiment except that the angle 6 of inclination of
each of the side surfaces of the protruding portion was changed

to 75°

Tenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that the angle 8§ of inclination of
each of the side surfaces of the protruding portion was changed
to 25°

El eirenth embodiment

The information on the master information carrier were
trénsferred to the slave media in the same manner as in the
first embodiment except that the angle 0 of inclination of
each of the side surfaces of the protruding portion was changed
to 85° . |

Twelfth embodiment

Information on a master information carrier was

transferred to a perpendicular recording slave media in the

28




each of the side surfaces of the protruding portion was changed to 35 .

Ni nt h enbodi nent The information on the naster infornatiop4Jand 2805 wer e
transferred to the slave nedia in the same manner as in the first

enbodi ment except that the angle 8 of inclination of each of the side
surfaces of the protruding portion was changed to 75 Tenth enbodi ment The
i nformati on on the master inforrration carrier were transferred to the

I h nb, h h
Shal e 0 Spite Hpnfgy SATEARAICE 83 r! BubO8inghl by SRR IR e BTBYan ﬁ; e
nbodi Th
ﬁggtla?ni n Orm%%g{ﬁm%dé?n%ﬁ%%notlﬁ s}lnse')qr Fﬁgg‘%{eg ?ﬁ% %P%%g’%hggpggﬁﬁ t he sarre
I
o oncniat Pihd Smdhd Ele O 7RR A FEitn iy ba%&mn%f%eagn‘sﬁésh“ai %85

T |fth | f t t f t
t\rl\gnsferrgg gor@e%eerg ?ﬂg%ul an ?3@& ﬁ%‘?‘él é\lr}“éf”na Iofqn ‘iafheel §\g§£ June

2005 s in_the first enbodi nent except that the slave nedia
wer e for%gggﬁgﬁﬁ%ﬁf S??ﬁl\?ﬁg manner and a per pendi cul ar

The perpendicular recording slave media were produced
in the following manner. That is, 3.5 disc-shaped
perpendicular magnetic recording media were prepared by a
sputtering apparatus {S-50S: Shibaura Mechatronics). The
sputtering apparatus was evacuated to 1.33X 107°Pa (1.0 X
107'Torr) at the room temperature and then argon was introduced
into the apparatus to a pressure of 0.4Pa (3.0mTorr). Under
these conditions, glass discs were heated to 200° C and a
magnetic layer consisting of a 100nm thick NiFe layer, a 30nm

. thick CrTi and 30nm thick CoCrPt layer was formed on each of
the glass discs. Each of the slave media was 5.7T {4500 Gauss)
in saturation magnetization Ms and 199kA/m (2500e) in coercive
force. The ratios db2/dbl and db2/S and the angle @ of

| inclination of each of the side surfaces of the protruding
portioh of the irregularity pattern were as shown in the
following table.

Thirteenth embodiment

'I'_he information on the master information carrier were
tranéferred to the slave media in the same manner as in the
twelfth embodiment except that db2/dal was changed to 0.3.

Fourteenth embodiment
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initial magnetic field and a perpendicul ar transfer magnetic field were
applied to the slave mediumand the nmaster infornation ca4duss2006he

per pendi cul ar recording slave media were produced in the follow ng nanner.
That is, 3.5" disc-shaped :perpendicul ar nagnetic recordi ng nedia were
prepared by a sputtering apparatus (S-50S: Shi baura Mechatronics). The
sputtering apparatus was evacuated to 1.33 X 10-SPa (1.0 X 10-'Torr) at .

! . i nt. . Into_the._ t t
bressure of 0 e PRI o 888 HERe R iR Céffg%%rﬁﬁ%‘éé “vere
d ic | J Lsti f 100nm t hi N Fe
layer . aCsonmEerEod B, TROME G e Y ;ﬁta%@”ﬁggslsgggésgﬁo%ﬂe i%n each of

i s . SS n

Satucar ?%“ﬁ%%ﬁé?@ﬁ‘?}%‘%n%%%ﬁ%ﬁ'r%%&?%%&eraﬁngﬁsegsﬁfﬁo %o‘f‘%ei‘ e

i h le 0 of inclination. t he
;?geozur%oﬁ—rﬁe—pf—M R 1%’3& &%’i ;ge 32?; ieoh gf tlhgci Irpggljlogr ioty'éggttgrn_ wer e
The” mmorer i nf s el b d A TP e d P aos ek | 1t he

s, | | nbodi t that db2/dal h d

to 0.5 TEfetled G udll i ST DR B508 e BRAEE, Al FBnERR e
mast er 'ﬁﬁé&f%ﬁ'éﬁbéﬁ?ﬁéé% g%%éit that db2/S was changed to 0.09.

Sixteenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that db2/S was changed to 0.35.

Seventeenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that db2/S was changed to 0.04.

Eighteenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that db2/S was changed to 0.42.

Nineteenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that the angle § of inclination of
each of the eide surfaces of the protruding portion was changed
to 35° |

Iwentieth embodiment
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transferred to the slave nedia in the sane manner as in the twelfth

enbodi nent except that db2/dal was changed to 0.49. Fift2aédume 2065%0di nent
The information on the master information carrier were transferred to.the
slave nmedia in the sane manner as in the twelfth enbodi nent except that
db2/ S was changed to 0.09. Sixteenth enbodi mrent The information on the
master infornmation carrier were- transferred to the slave nedia in the same

manner as [N tike iNEhiide RADOH TRElnGXEER! A FillnOZD BT Ehagged to 0. 35.

Sevent eent h enbodi nent The i nformati on on the naster |nfornat|on carrier

were trampahereedetotbhens! & éﬁ% g twel fth

enbodi nent exceptethat db2/§M§vs c‘gﬁ%gg{ %%ﬁl |3L52§nt odinent

Th f f t t f dtoth
e infotgmien %{bé&ﬁ%%%e&ﬁ 9{1% ¢]19é‘ e d & IF inelinats eo)e([:é v othat

slave nedia in t sane nenner t

db2/ S wasaeharwedet db éarfa%@e&fe%g@r%gi ;H;P#RI@% hf Ggl Lgagon the

master information carrier were tran Pave a‘rn the sane
manner ageqi fisthe twelfth enbodi ment except that the angle 0 of inclination
of each of the side surfaces of the protruding portion was changed to 35

- Twent i et tweAPQdENBSE SRbodPflediine 2005

The information on the master information carrier were

rtransferred to the slave media in the same manner as in the
twelfth embodiment except that the angle 6 of inclination of
each of the side surfaces of the protruding portion was changed
to 25°

Twenty-second embodiment

The information on the master information carrier were
Transferred to the slave media in the same manner as in the
twelfth embodiment except that the angle 8# of inclination of
each of the side surfaces of the protruding portion was changed
to 85° .

Comparative example 1

The information on the master information carrier were
transferred to the slave media in the same manner as in the
| first embodiment except that da2/dal was changed to 0.04.

Comparative example 2

The information on the master information carrier were
transferred to the slave media in the same manner as in the

- first embodiment except that da2/dal was changed to 1.5.
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The information on the master information carrier were transferred to the
slave nedia in the sanme manner as in the twelfth enbodi meAatiuex2@li t hat
the angle 8 of inclination of each of the side surfaces of the protruding
portion was changed to 75 Twenty-first enbodi ment The information on the
master information carrier were transferred to the slave nedia in the sane
manner as in the twelfth enbodi ment except that the angle 0 of inclination

of eachc8$¥%pgtgggee§g5£$%e§ of the protruding portion was changed to 25
Twent y- ' information on the master information carrier
embodi ment excit PRAtEHE B e theor Pret KA BB el i Moo

enbodi nent excep € ang 'on eac thé “si de

The ©nf of peb o brc: Fl HR P, AR 01 el S P L Fel T e

. slave negdi a, k.t nner | he .f iy st _enbodi ment except that

dal / dal gggltﬁ%n§§%8$g38£g4ggc%§ﬁpgﬁ3%iv ZéQQEpW%SZC %g?%fg?ngt#bn on the
naster_ig%&;gg%%gg cgﬁrﬁe; 2§re transferred to the slave media in the sane
manner i i ment except that da2/dal was changed to 1.5.
31 24 June Zoqﬁhe information on the master information carrier were

transferred to the slave media in the same manner as in the

‘twelfth embodiment except that db2/dbl was changed to 0.7.

Table
medium| da2/dal daz2/s 0 30 dur
(db2/dbl) | (db2/S) | (° ) (dB)

Jemb. 1|in-plane 0.5 | 0.2 45 | +0.1(0) | 0(O)
emb, 2|in-plane 0.06 0.2 | 45 o.O(O) 1 1{O)
emb. 3f{in-plane 1.3 0.2 45 1 -0.7(0) | 0(O)

{emb. 4jin-plane 0.5 0.09 45 | -0.9(O) | 1(O)
emb. 5|in-plane | 0.5 0.35 45 1-0.4(0) | 2(O)
emb. 6 |in~plane 0.5 0.04 45 [ -1.8(A) | 2(O)
emb. 7{in-plane 0.5 0.42 45 -1.9(A) | 2(O)
emb. 8 [in-plane 0.5 0.2 35 | -1.4(0) | 1(O)

|emb, 9 in-plane 0.5 0.2 75 [ -0.4(O) |} 21(O)
emb. 10 [in-plane 0.5 0.2 25 | -2.7(A) | 2(0)
emb. 11|in-plane 0.5 0.2 85 140.2(O) | 5(4)

{ emb. 12 | perpendicular 0.11 0.2 45 1+40.5(0) | 2(0)

| emb. 13 | perpendicular 0.3 | 0.2 45 | -0.1{0) | 2(0O)
emb. 14 | perpendicular 0.49 0.2 45 | -0.2(0) | 1(O)
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Conparative exanple 3 The information on the master information carrier
were transferred to the slave nmedia in the sane nmanner ag4iJon¢ Be05 twel fth
enbodi ment except that db2/dbl was changed to 0.1. Conparative exanple 4
The information on the naster information carrier were transferred to the
slave nedia in the sane manner as in the twelfth enbodi nent except that
db2/ dbl was changed to 0.7. Table nediumdal/dal da2/S 0 SQ dur (db2/dbl)

(db2/S)} () (d enp.. 1 1 n-plan 0.2 4 . I(0) JO(0) _enmd] Z 1n-plane
0.06 0.2 45 0. 3‘%‘0‘;[@(30)“ da%?iiﬁlpl an@a%?-% J. }; -0. Q) of ofUTenp. 4
in-plane 0.5 0/ 09 45 -0.9(|0) gz Iane 0.5 0.35. 45 -0.4{0)
2(0) enb 6 ip-plane 0.5 06”2 éb-li 6935’2/2%1)) (enb] 7 (@pl ape 0.5 .42 45
-1.9( A 2(0).  gnb. 8|n-|aneUbU 35 -1 A0 Iy enb. 9 in-prape 0.5
0.2 75 | 4B Iie(r@y—ndlé%r 10 | 1ﬁ4ane 0050@ 2 2513 2/ H0L)7 H00) | dfBl L1
in-pIaneUbuzab ¥0. Z2(0) 5(1) ) endrcyutar 011 02 45+0. 5(0)
2(0) enfwb. 1% pearpesdicelarar 0.93 10, 2 45 003f( 0) 240) | +ontl (32 par(§2hd| cul ar
0.49 0.2 345 =01 2(0) I(0) 832 24 June 2005

emb. 17 | perpendicular 0.11 0.04 45 | -2.1(A) | 2(0)

emb. 18 { perpendicular A 0.11 0.42 45 -2.9(A)Y | 1(0O)

emb. 19 | perpendicular 0.11 0.2 35 | -0.5(0) | 0(O)

emb. 20 { perpendicular 0.11 0.2 75 | +0.2(O) | 0{0O)

emb. 21 | perpendicular 0.11 0.2 25 -3.0(A)Y | 210y

emb, 22 | perpendicular 0.11 0.2 85 [+0.8(0) | 4(0Oy

c/e. 1]in-plane 0.04 0.2 45 | -1.8(0O) | 7(X)

c¢/e. 2{in-plane 1.5 0.2 45 1 -2.3(x) | 1(O)

c/e. 3 | perpendicular 0.1 0.2 45 -0.5(Q) | 10(X)

c/e. 4 |perpendicular 0.7 0.2 45 | -3.5(X) [ 0(0O)
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medi um da2/ dal da2/S 0 SQ dur. (db2/dbl) (db2/S) ( ) (dB) emb. 15
perpendicular 0.11 0.09 45 -0.7(0) | (O enb. 16 perpend2édirg2@511 0. 35

45 +0.1(0) I (O enb. 17 perpendicular 0.11 0.04 45 -2.1 (A) 2(0) enb. 18
per pendi cular '0.11 0.42 45 -2.9(0) 1(O enb. 19 perpendicular 0.11 0.2 35
-0.5(0) 0(0) enb. 20 perpendicular 0.11 0.2 75 +0.2(0) 0(0) enmb. 21
perpendicular 0.11 0.2 25 -3.0 (0) 2(0) enb. 22 perpendicular 0.11 0.2 85
+0.8(0) 4(0Q) c/e. 1 in-plane 0.04 0.2 45 -1. 8(0) 7(X) cl/e. 2 in-plane 1.5
0.2 45 -213M5:1(0) c/e. 3 perpendicular 0.1 0.2 45 -0.5(0) 10 (X) cle. 4

gggggpd:ﬁ?L?Latloﬁpgéfﬁ?gr %Ogﬁéggég)%afgﬁééféF:%P@' 5t ?%ggge%agﬁétlc
Seserte e PLERIRE O R RO e
e OnE DA 3 emnﬁt@éﬁgﬁ BET A ARE ERE 1o
P equl ob? B EEbfeFRErdBRA pu Bl SR i trettalioaeli ehdon cach
of the SédﬁagﬁIéQ:Eﬁcefafgr t ch)rﬁregt Ay ongg Eﬁrt Ilq:r}eségautllasijlyté hlga‘fcglel:gy\n no
wherein the .improvement comprises that
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irreguiarity pattern
and the thickness da2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition, ‘ |
0.05<da2/dal=1.3.
2. A master information carrier as defined in Claim 1
in which the ratioc of the thickness da2 of the magnetic layer
on each of the side surfaces of the protrudjai.‘ng por.tion to the
length S of the récess is larger than 0.05 and smaller than
0.4.
3. A master information carrier as defined in Claim 1
or 2 in which the angle 6 of inclination of each of the side
surfaces of the protruding portion of the irreqularity pattern
is not smaller than 30° and smaller than 80° |
4. A.master.information carrier as defined in any one
of Claims 1 to 3 in which the information to be transferred
~includes a servo signal.

5. A master information carrier as defined in any one
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condition, 0.05<da2/dal _<1.3. 2. A master information carrier as defined
in CQaiml in which the ratio of the thickness da2 of th24dagn280c | ayer
on each of the side surfaces of the protruding portion to the Ilength S of
the recess is larger than 0.05 and smaller than 0.4. 3. A naster
information carrier as defined in Claiml or 2 in which the angle 0 of

I nclination of each of the side surfaces of the protruding portion of the

i rregul adft g1lpdiser o 4 SimehishatHehabhanid0Dagad ismaldert hane808 . 4. A
master information carrier as defined in any one of Clains 1 to 3 in which

the i nfolateronrt @ Benirdasidemagtetigchuges.a servo signal. 5. A master
I nformation carrier as defined in any one 34 24 June 2005 of Cains 1 to

4 in which theeragneidsrdmyeforfatisal taPRUSLtESr MRt i tafeferhard
magnetic layer. 6. A master information carrier for magnetic transfer to a

per pendi ¢ol @perpeneliict 1LE0REEhOH. AR FYE aaid &l canpaseingheBbsBavi ng an
irregularity pattern representing information to be transferred to a

per pendi chleatt nEgied iat { L£og6l N6 1K Platife rantepr &BGEIN £ ih@iyematobaed al ong
the irregularity pattern, wherein the inprovenent conprises that the

~ thicknessodid tebnkiferredned aCpd@yeididin ThendpRet i cstHdaes rf médpart r udi ng
portion of the irregularity pattern
and a magnetic layer formed along the irregularity pattern,
wherein the improvement comprises that

the thickness dbl of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
and the thickness db2 of the magnetic layer on each of the side

” surfaces of the protruding portion satisfy the following
\ condition,

0.1<db2/db1=0.5.

7. ‘A master information carrier as defined in Claim 6
in which the ratio df the thickness db2 of the magnetic layer
on.each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4.

8. A master information carrier as defined in Claim 6
or 7 in which the angle 8 of inclination of each of the side
surfaces of the protruding portion of the irreqgularity pattern
is not smaller than 30° and smaller than 80° .

9. A master information carrier as defined in any one

of Claims 6 to 8 in which the information to be transferred

includes a servo signal.
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and the thickness db2 of the magnetic |ayer on each of the side surfaces
of the protruding portion satisfy the follow ng conditi o84 June 2005

0. 1<db2/dbl _0.5. 7. A nmaster information carrier as defined in Claim6 in
which the ratio of the thickness db2 of the nagnetic |ayer on each of the
side surfaces of the protruding portion to the Ilength S of the recess is

| arger than 0.05 and smaller than 0.4. 8 A naster information carrier as

defined in O aiim.6 AGiagtdh iWFoehathBnabgl2ifr s REkheat 19l ceech of the
side surfaces of the protruding portion of the irregularity pattern is

not snal lef cilhans30 tand isihlieh tX@ma8PRt3c fa%@ﬁ_ti%r al S ©F ERgn@Aiearrier as
defined in any one of Clains 6 to 8 in which the information™to be

transferriedrer Rt Weend -$RO milgaadk « 3ay@4.June 2005 10. A master
information carrier as defined in any one of Clainms 6 to 9 in which the

magnetic |ayer 11§ a 20fhagREDEET T raRr Ohe@h88M £diar thalR@Raldaa 1hayer. 11.
A magnetic transfer nethod for magnetically transferring informafion

carried RrahgRstEnd NfSBEd©OIbn CAAFEEEd B9 | fhB8ed hagersA@abnhaving an
irregularity pattern representing information to be transferred to an -

i n-pl ane gm@gnelr,C E6RSF K4 11y MRAIBYBANSh Be FRERRLING | &Y e rkabiRdridhong the

irregularity pattern, to an in-plane magnetic reéecording nmedium having a

magnet i ¢ paayeirratrdpasierimpeinfitnation to be transferred to an
in-plane magnetic recording med_ium and a magnei:ic layer formed
along the irregularity pattern, to an in-plane magnetic
recording medium having a magnetic layer at least on one side
thereof, the method comprising the steps of applying an initial
DC magnetic field to the in-plane magnetic recording medium
in a direction parallel to the tracks thereof so that the
magnetic layer of the in-plane magnetic recording medium is
magnetized in the direction and then applying a transfer
magnetic field in a direction opposit;—e to the direction of the
initial‘ DC magnetic field to the magnetic layer of the magnetic
recording medium and the magnetic layer of the master
information carrier with the magnetic layers held in a close
contact with each other, wherein the improvement comprises
that

the thickness dal of the magnetic layer on the upper

.surface of a protruding portion of the irregularity pattern
on the master information carrier and the thickness da2 of the
magnetic léyer on each of the side surfaces of the protruding

portion satisfy the following .condition,
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t hereof, the nethod conprising the steps of applying an initial DC
magnetic field to the in-plane magnetic recordi ng nmedi um 24 duge 2005ct i on
parallel to the tracks thereof so that the magnetic |ayer of the in-plane
magnetic recording nediumis nmagnetized in the direction and then applying
a transfer magnetic field in a direction opposite to the direction of the
initial DC magnetic field to the nagnetic |ayer of the magnetic recording

medi um and t he nagnegi_gg,k&g?ydgi__gtlh_% master information carrier with.the
magnetic |layers held in a close contact with each other, wherein the

| nprovenent conpri SemetiiRl akh@ethhelNgsT1daln 9f tReNBERSE Jadyer on the
upper surface of a protruding portion of the irregularity pattern on the

mast er i RO ithh ckdlekise b raRtel B ghlite kNaggedabnolealdie o fMRgReHigel ayer on
each of the side surfaces of the protruding™ portion satisfy the follow ng.

condi ti ourddces-of the'protrud'rrﬁg aﬁfti&ﬂﬂ%@@ﬁéle@xg@fﬁ%@ dab yeleds 12. A

met hod as defined in Caim1l i ich the ratio "of the thickness of the

magnet i ¢ ilsajarer eash of obhanal dfalsur! efeg glathe protruding portion to
the length S of the recess is larger than 0.05 and snmaller than 0.4. 13. A

met hod as defi med imn@%daﬂ%_sofde@iﬁwﬁiﬂoaﬁ? dte & WU GI UNF @nghe B of
I nclination of each of the side surfaces of the protruding portion of the

i rregul afint Y nRdht @He angle 6 of inclination of each of the side
: surfaces of the protruding portion of the irregularity pattern
is not smaller than 30° and smaller than 80° .
| 14. A magnetic transfer method for magnetically
transferring information carried by a master information
carrier,- comprising a base sheet having an irregularity
pattern representing information to be transferred to a
‘perpendicular magnetic recording medium and a magnetic layer
formed along the irregularity pattern, to a perpendicular
magnetic recording medium having a magnetic layer at least on
one side thereof, the method comprising the steps of applying
an initial DC magnetic field to the perpendicular magnetic
recording medium in a direction perpendicular to the track
plane thereof so that the magnetic layer of the perpendicular
. magnetic recording mediﬁm is magnetized in the direction and
then applying a transfer magnetic field in a direction opposite
to the direction of the initial DC magnetic field to the
inagnetid layer of the magnetic recording medium. and the
magnetic layer of the master informatioh carrier with the

magnetic layers held in a close contact with each other, wherein
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is not smaller than 30 and snmaller than 80 14. A magnetic transfer nethod
for magnetically transferring information carried by a n&dtlane 260%r mati on
carrier, conprising a base sheet having an irregularity pattern
representing information to be transferred to a perpendicular magnetic
recordi ng nmedium and a magnetic layer forned along the irregularity
pattern, to a perpendicular magnetic recordi ng nmedi um having a nagnetic

| ayer at HisasSimpaveara tsicdtnpdieyeofthdthe met hod conprising the steps of
applying an initial DC rmagnetic field to the perpendicul ar nmagnetic
recordi-ng nedi ttiei fthd ctinkeet idbl R feRdinGigndit itc0 iR it Iackhephgspert her eof
so that the magnetic |ayer of the perpendicular. nmagnetic recording nmedi um
I's magnetswaethden offhe girbeetidongapdrtibanoApghy i NGrapilansfepameietic fiel d
in a direction opposite to the direction of the initial DC magnetic field
to the rAEQOREIKadtByeinFbriie iRgOLL: Cer @eQ dhaRdinBaB82t be themgnetic

| ayer of the master information carrier with the magnetic layers held in a
cl ose comtaagie tiict hagaehowtdiath ofhehel §i ds sudfadiereo 2088 Hriva rudingyvenent
conprises that the thickness dbl of the nmagnetic |ayer on the upper

surface goraiphotaitdsty phkt ifonlekihike cohaggubarity pattern on the naster
information carrier and the thickness db2 of the magnetic |ayer on each of

the side surfages<@bh2yhBi1gI®isuding portion satisfy the follow ng
condi tion, 0.1<db2/dblc 0.5.
15. A master information carrier as defined in Claim
14 in which the ratio of the thickness of the magnetic iayer
on each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4, ‘
16. A master information carrier as defined in Claim
14 or 15 in which the angle € of inclination of each of the

side surfaces of the protruding portion of the irregularity

pattern is not smaller than 30° and smaller than 80°
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15. A master information carrier as defined in Claim 14 .in \A/rlich'the'rétio
of the thickness of the magnetic |ayer on each of the si@éJooe20@%s of the
protrudi ng portion to the length S of the recess is |larger than 0.05 and

smal | er than MZQ ,ﬁ. Rl <A mster information carrier as defined in Claim 14
or 15 in whi cHY HER aHyTRRMATHON ((ARRRR PR (MAGNSTIST BRANSFERde surfaces of

the protrudi ng portion t i arit pattern is not snmaller than 30
and smal l er than 800 . &@%@%ﬁﬁﬁ?%’%‘é‘}s‘%ﬁ%ﬁﬂ%mmﬂ ON CARRI ER FOR

MAGNETI C TRANSFER AND MAGNETI C TRANSFER METHOD ABSTRACT OF THE DI SCLOSURE
A master information carrier for nmagnetic transfer to an in-plane nagnetic

recordi ng nedi um i ncl udeS8B3TRASE QRedHE RASCRGSHRE rregul arity pattern

representing information to be transferred to an in-plane magnetic

recor di ng nmedifuffehieh IRt ion spanirgr fier aleomg e tinansldartia y
pattern._ The thickness dal of the magnetic |ayer on the upper surface of
a prot r i PRI MIINYHE Hacsgding mpdidm dnelades e bass olreeds da2 of
the magnetic | ayer on each of the side surfaces of the protruding portion
sati sfy AHeFDRToM h§IROAELEY ARt terpsepapseatingzinfognaisn to be :

transferred to an in-plane magnetic recording medium and a
'magnetic layer formed along the irregularity pattern. The
thickness dal of the magnetic layer- on the upper surface of
é protruding portion of the irreguiarity .pattern and the
‘thickness da2 of the magnetic layer on each of the side surfaces
of the protruding portion satisfy the foll_owiﬁg condition,

0.05<da2/dal=1.3.

Fig. 2
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